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= (54) Title: ELECTROCHEMICAL TEST STRIP FOR USE IN ANALYTE DETERMINATION 




(57) Abstract: Electrochemical test strips and methods 
for their use in the detection of an analyte in a physiolog- 
ical sample are provided. The subject test strips have a 
reaction zone defined by opposing metal electrodes sepa- 
rated by a thin spacer layer. The metal surface of at least 
one of the electrodes is modified by a homogenous sur- 
face modification layer made up of linear self-assembling 
molecules having a first sulfhydryl end group and a sec- 
ond sulfonate end group separated by a short chain alkyl . 
linking group, where 2-mercaptoethane sulfonic acid or 
a salt thereof is preferred in certain embodiments. The 
subject electrochemical test strips find application in the 
detection of a wide variety of analytes, and are particu- 
larly suited for use the detection of glucose. 
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hydrophilic surface that provided rapid wicking time and did not interfere with the 
electrochemical measurements of the electrode. 
Relevant Literature 

U.S. Patent documents of interest include: 5,834,224; 5,942,102 and 5,972,199. 
5 Other patent documents of interest include WO 99/49307; WO 97/1 8465 and GB 2 304 628. 
Other references of interest include: Dalmia et al, J. Electroanalytical Chemistry (1997) 430: 
205-214; Nakashima et al., J. Chem. Soc. (1990) 12: 845-847; and Palacin et al., Chem. 
Mater. (1996)8:1316-1325. 

10 SUMMARY OF THE INVENTION 

Electrochemical test strips and methods for their use in the detection of an analyte, 
e.g. glucose, in a physiological sample, e.g. blood, are provided. The subject test strips have 
a reaction area defined by opposing metal electrodes separated by a thin spacer layer. The 
metal surface of at least one of the electrodes is modified by a homogenous surface 

15 modification layer made up of linear self-assembling molecules having a first sulfhydryl end 
group and a second sulfonate end group separated by a short chain alkyi linking group, 
where 2-mercaptoethane sulfonic acid or a salt thereof is preferred in certain embodiments. 
The subject electrochemical test strips find application in the detection of a wide variety of 
analytes, and are particularly suited for use the detection of glucose. 

20 

BRIEF DESCRIPTION OF THE FIGURES 
Figs. 1 and 2 provide a representation of an electrochemical test strip according to the 
subject invention. 

Fig. 3 provides an analysis of the contact angle of various cystine treated metallic 
25 electrodes at various times following treatment. 

Fig. 4 provides an analysis of the wicking time of various cystine treated metallic 
electrodes at various times following treatment. 

Figs, 5 A and 5B provide an analysis of the contact angle of various MESA treated 
metallic electrodes at various times following treatment. 
30 Fig. 6 provides an analysis of the wicking time of various MESA treated metallic 

electrodes at various times following treatment. 

Fig. 7 provides a comparison of the wicking time of various cystine and MESA 
coated electrodes. 
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elements, i.e. the working and reference electrodes, the spacer layer and the reaction area are 
now described separately in greater detail. 

Electrodes 

5 As indicated above, the subject electrochemical test strips include a working 

electrode and a reference electrode. Generally, the working and reference electrodes are 
configured in the form of elongated rectangular strips. Typically, the length of the electrodes 
ranges from about 1.9 to 4.5cm, usually from about 2 to 2.8cm. The width of the electrodes 
ranges from about 0.38 to 0.76cm, usually from about 0.51 to 0.67cm. The reference 

10 electrodes typically have a thickness ranging from about 10 to lOOnm and usually from 

about 18 to 22nm. In certain embodiments, the length of one of the electrodes is shorter than 
the length of the other electrode, wherein in certain embodiments it is about 0.32cm shorter. 

The working and reference electrodes are further characterized in that at least the 
surface of the electrodes that faces the reaction area in the strip is a metal, where metals of 

15 interest include palladium, gold, platinum, silver, iridium, carbon, doped indium tin oxide, 
stainless steel and the like. In many embodiments, the metal is gold or palladium. While in 
principle the entire electrode may be made of the metal, each of the electrodes is generally 
made up of an inert support material on the surface of which is present a thin layer of the 
metal component of the electrode. In these more common embodiments, the thickness of the 

20 inert backing material typically ranges from about 51 to 356 ^m, usually from about 10 to 
153 \im while the thickness of the metal layer typically ranges from about 10 to lOOnm and 
usually from about 20 to 40nm, e.g. a sputtered metal layer. Any convenient inert backing 
material may be employed in the subject electrodes, where typically the material is a rigid 
material that is capable of providing structural support to the electrode and, in turn, the 

25 electrochemical test strip as a whole. Suitable materials that may be employed as the backing 
substrate include plastics, e.g. PET, PETG, polyimide, polycarbonate, polystyrene, silicon, 
ceramic, glass, and the like. 

The subject test strips are further characterized in that at least one of the metallic 
surfaces of the electrodes, and in some embodiments both of the metallic surfaces of the 

30 electrodes, that face, i.e. border or bound, the reaction area, have a surface modification layer 
present thereon. The surface modification layer is a homogenous layer of self-assembling 
molecules that renders the surface stably hydrophilic in a storage stable manner. More 
specifically, the surface modification layer should impart to the surface a low contact angle, 
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and more usually from about 0.05 to 0.3%. Contact is maintained for a sufficient period of 
time for the monolayer to form, e.g. for a period of time ranging from about 0.5 to 3 minutes, 
usually from about 0.5 to 2 min, followed by drying of the electrode surface for use in the 
subject electrochemical test strips. A more detailed representative fabrication profile is 
5 provided in the experimental section, infra. 

Spacer Layer 

A feature of the subject electrochemical test strips is that the working and reference 
electrodes as described above face each other and are separated by only a short distance, 

10 such that the distance between the working and reference electrode in the reaction zone or 
area of the electrochemical test strip is extremely small. This minimal spacing of the 
working and reference electrodes in the subject test strips is a result of the presence of a thin 
spacer layer positioned or sandwiched between the working and reference electrodes. The 
thickness of this spacer layer generally ranges from about 1 to 500um, usually from about 

15 102 to 1 53um. The spacer layer is cut so as to provide a reaction zone or area with at least an 
inlet port into the reaction zone, and generally an outlet port out of the reaction zone as well. 
A representative spacer layer configuration can be seen in Figs. 1 and 2. While the spacer 
layer is shown in these figures as having a circular reaction area cut with side inlet and outlet 
vents or ports, other configurations are possible, e.g. square, triangular, rectangular, irregular 

20 shaped reaction areas, etc. The spacer layer may be fabricated from any convenient material, 
where representative suitable materials include PET, PETG, polyimide, polycarbonate and 
the like, where the surfaces of the spacer layer may be treated so as to be adhesive with 
respect to their respective electrodes and thereby maintain the structure of the 
electrochemical test strip. Of particular interest is the use of a die-cut double-sided adhesive 

25 strip as the spacer layer. 

Reaction Zone 

The subject electrochemical test strips include a reaction zone or area that is defined 
by the working electrode, the reference electrode and the spacer layer, where these elements' 
30 are described above. Specifically, the working and reference electrodes define the top and 
bottom of the reaction area, while the spacer layer defines the walls of the reaction area. The 
volume of the reaction area is at least about 0.1 (il, usually at least about 1 jil and more 
usually at least about l.Sjil, where the volume may be as large as IOjjJ or larger. As 
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The redox reagent system is generally present in dry form. The amounts of the 
various components may vary, where the amount of enzyme component typically ranges 
from about 0.1 to 10% by weight. 

5 Methods 

Also provided by the subject invention are methods of using the subject 
electrochemical test strips to determine the concentration of an analyte in a physiological 
sample. A variety of different analytes may be detected using the subject test strips, where 
representative analytes include glucose, cholesterol, lactate, alcohol, and the like. In many 

10 preferred embodiments, the subject methods are employed to determine the glucose 

concentration in a physiological sample. While in principle the subject methods may be used 
to determine the concentration of an analyte in a variety of different physiological samples, 
such as urine, tears, saliva, and the like, they are particularly suited for use in determining 
the concentration of an analyte in blood or blood fractions, and more particularly in whole 

15 blood. 

In practicing the subject methods, the first step is to introduce a quantity of the 
physiological sample into the reaction area of the test strip, where the electrochemical test 
strip is described supra. The amount of physiological sample, e.g. blood, that is introduced 
into the reaction area of the test strip may vary, but generally ranges from about 0. 1 to lOul, 

20 usually from about 1 to 1 .6ul. The sample may be introduced into the reaction area using any 
convenient protocol, where the sample may be injected into the reaction area, allowed to 
wick into the reaction area, and the like, as may be convenient. 

Following application of the sample to the reaction zone, an electrochemical 
measurement is made using the reference and working electrodes. The electrochemical 

25 measurement that is made may vary depending on the particular nature of the assay and the 
device with which the electrochemical test strip is employed, e.g. depending on whether the 
assay is coulometric, amperometric or potentiometric. Generally, the electrochemical 
measure will measure charge (coulometric), current (amperometric) or potential 
(potentiometric), usually over a give period of time following sample introduction into the 

30 reaction area. Methods for making the above described electrochemical measurement are 
further described in U.S. Patent Nos.: 4,224,125; 4,545,382; and 5,266,179; as well as WO 
97//18465; WO 99/49307; the disclosures of which are herein incorporated by reference. 
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EXPERIMENTAL 

1. Preparation of Electrochemical Test Strips 

A. Preparation of MESA Treated Electrochemical Test Strips 

A (0. 1)1% 2-mercaptoethane sulfonic acid (MESA) solution is prepared by 
5 dissolving 1.000 gm MESA (TCI, Catalog # M0913) into 999 gm Milli Q water. Gold and 
palladium sheets are prepared by sputtering the surface of a 7 mil thick polyester substrate 
with gold or palladium such that a surface metallic layer of 100 to 500 angstroms is 
obtained. Following preparation of these gold and palladium master rolls, 12 in x 8.5 inch 
sheets are cut. The sheets are then immersed in the 1% MESA solution for 1 minute. The 
10 coated sheet is then air dried for 1 hour and tested for contact angle using a Goniometer and 
water as described in Procedure A found in Appendix A, infra,to ensure that the contact 
angle is < 20°. 

Test strips having dimensions of 0.2 x 1 .2inch are then cut from the above gold and 
metal sheets and are used to fabricate electrochemical test strips as follows. A gold strip and 
15 palladium strip are used to sandwich a die-cut double sided pressure sensitive adhesive strip 
having a thickness of 0.005 in and a circular die-cut area that defines the reaction zone, inlet 
and outlet ports when sandwiched between the gold and metal strips, as shown in Figs. 1 and 

2. A dry reagent consisting of buffer, mediator, enzyme and bulking agents is ink jetted onto 
the palladium electrode prior to sandwiching the double-sided adhesive. 

20 

B. Preparation of Cystine Treated Electrochemical Test Strips 

Cystine treated electrochemical test strips were prepared according to a standard 
industry protocol. 

25 II. Characterization of Cystine Treated Electrochemical Test Strips 

A. Contact Angle 

The contact angle of cystine treated gold and palladium test strips was determined 

with water and a goniometer as described in Procedure B found in Appendix A, infra.The 

contact angle was determined at various times following surface treatment, i.e. 0, 7 and 14 
30 days following treatment, and at various storage temperatures, e.g. room temperature and 56 

°C. The results are provided in Fig. 3. 



10 



WO 01/57238 



PCT/US01/02510 



The above results and discussion demonstrate that significantly improved 
electrochemical test strips for use in the determination of an analyte in a test sample are 
provided by the subject invention. Specifically, storage stable electrochemical test strips 
having durable hydrophilic surfaces that exhibit low interference to the electrochemical 
5 measurement of oxidized species and have fast wicking times are provided. Furthermore, the 
surface modifying reagents used to modify the surfaces of the subject test strips are odorless. 
As such, the subject invention represents a significant contribution to the art. 

All publications and patents cited in this specification are herein incorporated by 
10 reference as if each individual publication or patent were specifically and individually 

indicated to be incorporated by reference. The citation of any publication is for its disclosure 
prior to the filing date and should not be construed as an admission that the present invention 
is not entitled to antedate such publication by virtue of prior invention. 

15 Although the foregoing invention has been described in some detail by way of 

illustration and example for purposes of clarity of understanding, it is readily apparent to 
those of ordinary skill in the art in light of the teachings of this invention that certain changes 
and modifications may be made thereto without departing from the spirit or scope of the 
appended claims. 

20 



12 



WO 01/57238 



PCT/US01/02510 



6. 
7. 
8. 



Adobe Premiere software 4.2 for video capture 

Computer System and a Monitor 

Two side adhesive tape & a platform for strip 



Procedure: 



1 . Place a strip on a platform and hold it with tape. 

2. Place the strip under the camera lens and adjust the focus and magnification. 

3. Launch the Premiere software and open movie captures program. Select 30fps NTSC system for 
capturing live movie. 

4. Place 5 uL of 70 % hct blood on Parafilm surface. 

5. Turn on recording mode and apply blood from either side of test strip in to the capillary. 

6. Turn off the recording mode when blood reaches the other end of test strip 

7. Go to the image window and analyze it. Use In mark when blood touches the strip and out mark 
when blood reaches the other end. Software does the frames count (30 frames/seconds) and 
displays in lower window. 

8. To calculate wicking time, divide number of frames with 30. 

9. Repeat the procedure for # of strips 
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6. An electrochemical test strip comprising: 

(a) a reaction zone defined by opposing working and reference electrodes 
comprising a metal surface separated by a thin spacer layer, wherein at least one of said first 
and second metallic electrodes has a surface modified with a homogenous surface 
5 modification layer made up of self assembling molecules of the formula: 

HS-(CH 2 ) n -S0 3 Y 

wherein: 

n is an integer from 1 to 6; and 
Y is H or a cation; and 

10 (b) a redox reagent system present in said reaction zone, wherein said redox 

reagent system comprises enzymes and a mediator. 

7. The electrochemical test strip according to Claim 6, wherein said reaction zone has a 
volume ranging from about 0. 1 to 10 pi 

15 

8. The elctrochemical test strip according to Claim 6, wherein said metal is selected 
from the group consisting of gold and palladium. 

9. The electrochemical test strip according to Claim 6, wherein said enzymes include 
20 an oxidizing enzyme. 

10. The electrochemical test strip according to Claim 9, wherein said oxidizing enzyme 
in a glucose oxidizing enzyme. 

25 11. The electrochemical test strip according to Claim 6, wherein said self assembling 
molecule is 2-mercaptoethane sulfonic acid or a salt thereof 

12. An electrochemical test strip for use in detecting the concentration of glucose in a 
physiological sample, said test strip comprising: 
30 (a) a reaction zone defined by opposing working and reference electrodes 

comprising a metal surface selected from the group consisting of gold and palladium 
separated by a thin spacer layer, wherein at least one of said first and second metallic 
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17. The method according to Claim 16, wherein said self-assembling molecules have the 
formula: 

HS-(CH 2 )„-S03Y 

wherein: 

n is an integer from 1 to 6; and 
Y is H or a cation. 

1 8. The method according to Claim 1 7, wherein said self-assembling molecules are 2- 
mercaptoethane sulfonic acid or a salt thereof 

19. The method according to Claim 16, wherein said analyte is glucose. 

20. The method according to Claim 19, wherein said redox reagent system comprises a 
glucose oxidizing enzyme. 

21. A kit for use in determining the concentration of an analyte in a physiological 
sample, said kit comprising: 

(a) an electrochemical test strip comprising: 

(i) a reaction zone defined by opposing working and reference metallic 
electrodes separated by a spacer layer, wherein at least one of said 
first and second metallic electrodes has a surface modified with a 
homogenous surface modification layer made up of self assembling 
molecules having a first sulfhydryl end group and a second sulfonate 
end group, wherein said sulfhydryl and sulfonate end groups are 
separated by a lower alkyl linker group; and 

(ii) a redox reagent system present in said reaction zone, wherein said 
redox reagent system comprises at least one enzyme and a mediator; 
and 

(b) at least one of: 

(i) a means for obtaining said physiological sample; and 

(ii) an analyte standard. 

22. The kit according to Claim 21, wherein said analyte is glucose. 

18 
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1/4 
FIG. 1 
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3/4 



FIG. 5A 



Aldrich MESA ( 98%) 0.1% @ pH 5.40, Surface 
treated Gold and Palladium with tape(ARI), 
hang dried n=5 
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FIG. 5B 



Aldrich MESA ( 98%) 0.1% @ pH 11.5, Surface 
treated Gold and Palladium with tape (ARI), 
hang dried n=5 
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